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Abstract 


The sound producing apparatus of male Gryllus veletis Alexander 
and Bigelow is very similar to that of male Gryllus pennsylvanicus 
(Burmeister). The calling songs of both species are composed of 
multi-pulsed chirps and sounded identical. Dominant frequency pro- 
gressively decreased within each pulse because the file teeth are 
farther apart at the lateral end of the file. Pulse duration depended 
on the number of teeth struck per pulse, and was greater than pulse 
interval. Pulse rate followed a sigmoid pattern with an increase in 
temperature, with the slope 3. 06 fold greater for G. veletis than 
for G. pennsylvanicus. For G. veletis, increased pulse rate was due 
to linear or concave decreases in pulse duration and pulse interval. 
With an increase in temperature there was a linear increase in 
dominant frequency which lagged behind the increase in pulse rate 
because pulse interval decreased faster than pulse duration. For 
G. pennsylvanicus, the relationship between temperature, pulse 
duration, pulse interval, and dominant frequency did not follow a 


discernible pattern. 


{ 
: 
- . 
_ > « 
+ olA ats toy auth ey a 
: | iaatonegatpar — 
7 4 
i de 
TAT T vivannat euliyvn 
‘ a (re roe te - 7 ——— 
7 
; 4 
jo bawajmios ste eal 
« : 
7 
ora yvousime:s? Maxzririel 
od” 4 J a” ‘@i.« . 
af Vos H >» ‘ 
—n 7 > a =. 
@ > te - 1? 
4 a | 1 ee i 7 $ , 
1: eee mani io Rm 5 
i} rt ~~ 
tr Le - 
7 
_ - 
we { LS net ok 
- ais « »# aw ~ 
aD % S757 Dp wy bseg 
o 
el tai e@ivg On6 nO 
, 
\ 
f ' ,_— 
) 
y ed Te & 
> 
\ 
a r j 
6 
7 i 
7 
7 
ae . 
meat - 
Nae 
oe 
a a TS 


ince be Jeet? oF tele 


(Io #odey oe natowbot 4 havos sdf 


jasbi bohawos bax sids beslog 


5 = 
el " 
a mr 
c} é 2 Mas vj oe | 1OSe2 
» { 7] 
‘4 yea ic ' t 21 te tt 
3 
PP “Ts : y 
Ld ¢ , ‘eal 
oa '. . \ i = s ec 4 
_ : : iF OF fi. psig. UV Tee 
: e 7 A v= aaiais seer 


gt Oe ————S = - 
e 
Db. delve fA 734P 39VS[OCOD te TAS 6 
; P =i oi alae 
¥ ; ; oe P sd > - to>] 5 a 
' - 
; > 
ole? 5 a awe teu geek [34 uD 2! deiserts. 


= 


crab 
> ae 
Va of 


c a ; r - q 
The ie 71 ®clsagy saus if 
« eelug 3 auszed 
i gidsuniteter of ,asotneviyvenmng 2 7 
7 _— t . ~~ 9 _ — 
sa , Ler Ls ug Bie : 


es ee. 
a ai Ae sidi i ee te ax : 


Acknowledgements 


I wish to thank Dr. G. Pritchard for supervising the early 
stages of this work, and Dr. D. Craig and Dr. B. Hocking for their 
encouragement and supervision of the latter stages. I am also grateful 
to Dr. B. Heming and Dr. A. Steiner (Department of Zoology) for their 
suggestions and criticism of this manuscript. 

I am indebted to the Department of Zoology for the use of the 
sonagraph; to P. Reedyk in Lethbridge for his enthusiastic assistance 
in collecting crickets; to Dr. J. Barron for his advice on rearing 
crickets; to J. Scott of this Department and to Photographic Services, 
especially J. Dietrich, for their help with the photography; to Technical 
Services for their work on the sonagraph, and to my colleagues and 


friends whose help and support have been unflagging. 


i iad) <0} ghzvaoll 2.9 brs BIST. . «BAS 4 


i. om 
Pa a a ee 
(1 daads of daiw - 
. 7 
a 
Cl .x@ bes vtvow eift to eagat 
: ae  *y 


vires sa? poteivisque 
¥ , 


* 
a 
isfetety O@2A ie 1 Laspata 1926 ‘9 inivi nos ; 
+ 
: >| ‘, i '\ ? e . otP hur 
shed? vel (ypotooS lo inantteqe@) tafe .4 T heen 
; = : : 7 
~~ ;  S - 7 
fatxet + eld? to jpitito bas saolieaggam 
-_ 
7 < -_ 
: — o 2 eae, arr, an 7 ~~ ss. 
si. %o aap sii sei yeotooS Io 4a : 7. od? of bate obat one I 5 
bs ao _ 
xi . od de | duben® .@ of iteeeeee 
ts eS S8N Jeinba f ? cm £02 25 05% ; \ SD : hs pet iitBe 
’ 7 
% . r y j 7 ame = = Puc. 
at BOT AD 2 bs Aid 20 narra .4 of jnipAs 72 wiosites ; J 
4 r a 
2 Livene & (oodCRS oc) bas taar 
Loon wae . j mre Te : > oe! 
L 
‘ ‘ 
a? iy v ’ 
2 22 Youre - oy 
1 
i ' : } 
‘lb 
. } 
EN 
A 
i 
H 
‘5 
> i] 
t fi i 
i 
i] 
; 


Autobiographical sketch 


I completed grade twelve matriculation in North Battleford, 
Saskatchewan, received a B. A., honours biology, from the University 
of Saskatchewan, and a Professional Certificate in education from 
the University of Alberta. I taught senior high school in South Battleford, 
Saskatchewan for two years before entering graduate studies. 

My interest in entomology began during my undergraduate years 
when I worked on mosquitoes for two summers as an assistant ina 
virology laboratory at the University of Saskatchewan. Dr. Hocking 
suggested a project on some aspect of sound production in insects, 


and I chose to work on crickets. 


inesninksth anlage. gglatd cwdinod', ck. etia beminabes 
a? WeltAoWhs al vnirtIeD indvieanon hs bate. 
ineeainanys love sit vetuse sagine t .aduodlA te 
 potbute otsubssy gikowine sila wisay owt edd | 
eran stenbergréfis yor gulruth aged (estos af teonateh Md 


& a tawielees nt 2s ernie GW? fol sootiypacny mo 


pacieol «1 .pewodwetene lo ylerevinl ot te yrotetadal 
sbiogaal me motimibore Jauoe lo Jowfes ected qo-toajaag & 
.2tsdlsito aq drow of 


Table of contents page 


4.0 INTRODUCTION AND HISTORICAL BACKGROUND. . 


AnD eo UPN EN LeANaME dT HODS fine Alse. aabdliviatones, «.- 


Za. seCOULpINenig¢mmans. on o.. Peeeeelcanivas vinlon: The pescectag« - 


Lot VLE Th OOS ar ie 2) ater ad ke Gah. Rx ben Bare cchaiwisie 


came -Cominalmorpholooy, aaietia and... oonnesivenious- Youle: 


Spada reasgotstegminar beeen wnenieor. of file secre... Bla. « . 


Borie eV Piation mere eek Sad BU cc-cd ou Saws ob ve cu 8b va os Se es ene 


3a13 


SOUNGspLodu cin ves ppavatusan weno Eebwaew Ihe rieks Ard. 


Bie ets 1111 Oa eT) SME NM dc ay Sa oumag ce bac anes; ope, spss) 4 he Sg) 6 as 


Be24 


Bigs ave 


ays 728) 


oN) 
ies) 
3] 


Descriptiontotyarchirpabes: A. £e7ne-tiven.cattween Pie. 
Effect of temperature change on pulse rate ....... 
Effect of temperature change on pulse duration 
ancepulseginterva leet Sond. bs 880: Congecutice. tie al. 
Effect of temperature change on dominant 

EYECUeENCy) er hye. PRRoOyl Varn eos Ske. «Ts Coreantess . 
Effect of temperature change on number of 


teeth struck jpermpuls Gisg Fala seas Sha weten’ so-theas « « 


Ghd TST URES OUIN Peg” Rs Sine yn) MEP eS aera Onna) any ere 


57 U Re hN GO, samieyiann ene. Calling soraa:. bear ais 


ovO MALE ENI Digs with thece., toute, five, and tijoysiiaca. . 


64 


63 


65 


67 


74 


9 


a) ee 
. = 
. 
wy = 
a) 
> 
- 
i 
= J : 
enn) % b oh he 
mere JORWs 
' i : 7 
if 
a * oe 8 . 
7 
« > = @ § ‘ 
i 
. e J « 
‘ . a 
. 7 
% 
H 
° * . ” 
Ly 
- ' 
* * ** % 
¥ » . 
4 » fed * 
' ‘ é . 
s * © *® 7? 4 
4 
7 
’ ; / 
i 
- —= 


LIDAR AAD 


1 


9 ‘ 
’ 4 * 4 
. . ‘ ‘ 4 
. ‘ . 
° A] bd 
. . 
’ 
} 
- i «<> 7 
4 
* . 
° * , 
wiis 
. * . 
. . . ‘ * * 
‘ . . 
i 
° * * 4 . s 


a shodse M ‘5 « s 


ipa | 
: _ 


g\ 


List of tables (APPENDIX) 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Tegmina of G. veletis males: The percentage of the 
dorsal field occupied by each of its five subdivisions. 


Tegmina of G. ‘pennsylvanicus males: The percentage 


of the dorsal field occupied by each of its five subdivisions. 


Tegmina of G. veletis and G. pennsylvanicus males: 
mreacsOtmitror,siarpy and dorsal field... . ... .« 
Tegmina of G. veletis and G. pennsylvanicus males: 


The relationship between number of file teeth, file 


Lene ome nCEocsa Wile lla lca my wens. 2 Mme ee ice 5 


G. veletis males: A comparison between the right and 


BCLLSCC O11) cle e ee ee meen Seer Perera ene An Pech Ss ae! 4: 


G. pennsylvanicus males: A comparison between the 
Ti phCranaslertgte cri la Wemeee.iee a eae Gea 
Tegmina of G. veletis males: The percentage of the 


total number of teeth found on each consecutive 10% of 


the length of the file, from the medial to the lateral end. . 


Tegmina of G. pennsylvanicus males: The percentage 
of the total number of teeth found on each consecutive 
10% of the length of the file from the medial to the 


lateral end.. 


G. veletis and G. pennsylvanicus calling songs: Percen- 


tage of chirps with three, four, five, and six pulses. . 


page 


79 


81 


82 


83 


84 


85 


86 


87 


4 


P ‘ 
‘ 
if Tea 
es | . 
" r 
d i 
* s e 
SLi 
5 
*-* 
. « 
‘ 
é f 
Ve 
| 
* . 
‘ 
] 
s 
eT? 
; 
J 
*% 
> A 
- 


i 
i 
aaron 
i “a 
i i we 
he 
Tai 
4 
3 —_ 
is 
} 
i] 
__ 
’ 
-F | 
« . ‘ 
j 7 
4s We 
~ s* 
l . 
Oo s 
* 4 
ar >» £ 
} © i 
= as 
4 —~ 
“nte boy 


r? agi to 0 
; we 
4 
a 
A 4 
i 
7 
2) 
é ° 
7 
; 
4 .) 
* 
i 
* 
? Fe i) 
«® * * 
Pie a 


7 
; a 
. - 
Bh 
| 
a 
P 
; J 
Le 2 ‘ 
. 
° s 
. aug 
1 = 
_ 
7 ' , 
4 
* * é 


Pm at 


Bh Ww Bt 


. 


wae) 


Table 10 G. veletis and G. pennsylvanicus calling songs: 


Percentage of sonagram chirps beginning with faint, 


ShOst ttle CS er meee wee he oO eS eo.) Be gen 87 
Table 11 G. veletis calling song: The relationship between 

temperature, pulse duration, and pulse interval...... 88 
Table 12 G. pennsylvanicus calling song: The relationship 


between temperature, pulse duration, and pulse 


DECC cl Lowe nae Vee eee eee Me ote! Pe ghee eee Ok ee teks) 
Table 43 G. veletis calling song: The relationship between 

Pemperatirerandsominante Tequency.— ye ee 4, 2s | 0 
Table 14 G. pennsylvanicus calling song: The relationship 

between temperature and dominant frequency... ...... 91 
Table 15 G,. veletis calling song: The relationship between 

temperature and grand average pulse rate... 2. 2... = 92 
Table i6 G. pennsylvanicus calling song: The relationship 

between temperature and grand average pulse rate... ... 93 
Table i7 G. veletis calling song: The relationship between 


temperature and number of teeth struck per pulse... .. 94 


2 


¢ re) 


5 ier. 4 a ‘i 
- OES, OI Orinnigad @ 
! - ? 
> . * * a=) 9 e . * . > e * * 
a 
“4 , mh Ade 
Hea wi3G Aj hsaG ste bbs t 
! 
; + 
4 s % 4 * <P BVISAAL \ 24 a a0 eS 
i + 2 -— ye tT 
MMAR LS vi 
3 
: “, 2 } : 
a 
h rl 
s *. + * = 
7 ats + re - 
* > * - ~ 3 
. t 
‘ 7 ’ 4 
® . * « * 4 ‘4 
' =| 
A ‘ 
Ves ' a > 
ea a ee > @e 1 oP > os 
t 
, 
f > 
. 4 ‘ ioe >T 1" 
» 
| 
« ‘ 
i 
! 
y _ t 
a 
an ae | : y 


— 


— 


* « 

“ews 
om 

b+ 
8 8 Si 

. 
~ ~~ 
+ +f 4- 
pi 

at 

—_ 


: on 
sanade gaifies euginey yam 


he 


4 


‘ 


md nau 


—- 


bas alts fae 


a 


- oo if 
my 


= 
7 


o. ggainastet 


List of figures 


Fig. 


Fig. 


10 


Sonagram of a four-pulsed chirp of a G. pennsylvanicus 
Males 


Sonagrams of the calling song of a G. pennsylvanicus 


malesrecordediatiz> Gintour types of cages... 5.2... . 


Subdivisions of the dorsal field of the left tegmen of 
Seo Denna yl VaniCuceid |C mem weenie geeere sf ces Ose ev 
Tegmina of G. veletis and G. pennsylvanicus males: 
The relationship between the areas of dorsal field and 
harp. Se ee Be Get CER eee eee 
Tegmina of G. veletis and G. pennsylvanicus males: 


The relationship between the areas of dorsai field and 


itt Ot eer ona, ae ec te ae ee 


Venation of the left tegmen of a G. pennsylvanicus male.. 


Tegmina of G. veletis and G. pennsylvanicus males: 


The relationship between dorsal field area and file length. . 


Tegmina of G. veletis and G. pennsylvanicus males: 
The relationship between file length and number of file 
ee Le So, ua oe 8 oo es rhe A ee ee 


Left tegmen of a G. veletis male: The three groups of 


EULER Ce Lied me Chole haps el rac. Sil sates oils, <y 4 
Right tegmen of a G. pennsylvanicus male: The three 


BrOU pesos LeeLee tia meee) ee) sss ss See so age vans ce 


page 


A fas) 


31 


39 


44 


44 


44 


46 


. 47 


aU 


ae | Sis 


| _ - Lie 
- ~ — 7 F vm .) 
ad : - i 7 
: 


i 


ar an | 
‘i oe 


a at 


a 


aucsinartiesinned Qos te-aiids partug-262 e th ineyenet 


rr e 2 eee eer eo ew a eee es ee 
ty 


ausinewysonag .Os 6 gave giilins adi lo emtenganod ™ 
te ay ) «as B@RAD to aeqyd 106) #i D 15 te hebyeost stem 


lo aenmyet Hel si ib Math Icereb off Wo’ anoledvindwe € 


MED alerts ow “alle, ol 0-2, Loe hele” s , ,-olurn ev> neviyanaeg Be 


ote 


tanlsen arohtayiyamxey 2 base ditatey 2 tu saleagoT + 


bas biel iserob to tases ob usowTsd ghteroisios afT 


_ SS ae ee a nas woe kl ale ee 
‘eslest ettpineviyeunsy 7 bon eceleg .O to soricoge T a 


bas bist tenes im 2euah sit seswled gqidenciHteles oat 

a a ee ea 4 fle ine Geet ie vein 
eo .,siam ebotaaviysaaad 2 6 bo prover af el-sct le gogmen V 
ool Gtr BAD) EV: My ati pcaey 0 bus eiteley zh) te arimoge T 


ab . sttyysl ol} bts wets b151) (ne'rob msowted “ideaottalet eeF 
eelem suathoviveateg O bas efigloy 2 te satmgeT 8 
oh to sedmiwe fire dtgerel slit naawied ghdancheales ant 


ee eee ve ee ie ew eS ee 


to exuoty seni! oAT eLzire ellaley +0 = do spipgag fed 
a eet te oe ee ae an - 
‘hawt oat ratory Diu > 


ies {are 


Wy esd Tegmina of G. veletis and G. pennsylvanicus males: 
The percentage of the total number of teeth found on 


each consecutive 10% of the length of the file, from the 


MreeclaImtOgtical ate td CNC mmm er lees ort eal 4) GG 52 
Sr yee al G. veletis and G. pennsylvanicus calling songs: The 

relationship between temperature and pulse rate., , ... 60 
Fig. 13 G. veletis and G. pennsylvanicus calling songs: The 

relationship between temperature, pulse duration, and 

DUS Center Va lege me ene ee ee ice ee et ah ea 62 


Fig. 14 G. veletis and G. pennsylvanicus calling songs: The 
relationship between temperature and dominant frequency. .64 
ag 5 G. veletis calling song: The relationship between 


temperature and number of teeth struck per pulse... ... 66 


i“ 
mw 


- 7 


7 


testo piasin eA 


ss to Haw) cifes 


We 
’ * . ‘ * i ».? * 
aT « ae * ree 
j : a J Je L 
alk i 
- S71 dit) 
* ° ° 
Pal 9 é 
- eu - , 
* 
‘ ~ 
‘ iO is I 
. 
- 
is 
if i 
‘ 
» 
- y 
e 
4 
1 
‘ 
, 
- 


Liha an. 
= 


ja 


age 
»’ > 


anned 


— 


Py 
‘Loe Ti 


. * . 
y at 
= iy 
’ 
a 
' 
‘ 1 
] 
’ 
; 
he a 


a 
. ial ween a 
2 Bee abels 


ee 


) t , 
=. 200 + a 
. AA j 
Sct fq 
+ ‘ al 
i 
> 
t 1 i 
‘ 
. 
LWe : 
rarfic 
= 
. 
te +¢ of 
| 
n 
J] 
; | 
7 - 


y 


ai 
4 
a 
— 


1.0 INTRODUCTION AND HISTORICAL BACKGROUND 


Man has known for thousands of years that insects make sounds, 
and for some hundreds of these years has been speculating as to how 
the sounds are made, and whether they serve any useful purpose. 
Scientific interest in insect sounds dates back at least to Aristotle, 
who, over 2000 years ago, separated two groups of Homoptera on the 
basis of whether or not they could produce sound (Myers, 1929). 

Bioacoustic terminology has arisen empirically. Although the 
meanings of many of the terms are unambiguous, those of others vary 
depending on the region and discipline in which the terms are used and 
on the authors using them. The same word does not always have the 
same meaning, and what is worse, some of the meanings are completely 
different from those attached to the same word in physics. Ata 
symposium on animal acoustics in Paris in 1954, the problem of 
standardizing terminology for Orthopteran sounds was discussed by 
French, German and English workers. No decisions were made, largely 
due to a lack of time. 

Insect sounds are sometimes referred to as songs but strictly 
speaking these sounds are not songs because they have no melody 
(Alexander, 1960; Tuxen, 1967). Tuxen prefers to speak of insect 
voices. He does not object to the term song, especially in describing 


rhythmical, repetitious sounds reminiscent of the chants of primitive 
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man, as long as it is understood that this term is merely a poetic 
expression. 

Haskell (1961) says the verb "'to stridulate'’ comes from the Latin 
verb stridere, meaning to creak, and that the Oxford Dictionary 
definition, 'make a shrill jarring sound by rubbing together of hard 
parts of body, '' is not accurate because some frictional mechanisms 
of sound production produce pleasant sounds, and some mechanisms 
other than frictional ones produce jarring sounds. He uses the term 
stridulation to describe any frictional mechanism of sound production 
even though he suggests that it should refer to any sound produced by 
an insect, and that a stridulatory mechanism should refer to any insect 
sound producing mechanism, I think the latter definition is too narrow 
in that it applies only to insects, and too broad to be of any value in 
describing insect sound production. Dumortier (1963) also uses 
stridulation to describe all sounds originating through the rubbing 
together of two surfaces even though etymologically the term stridulation 
may be applied to every emission of grating or piercing sounds. 

The name pulse was first given to a biological event, the heart 
beat, dating back at least to Pliny, 23-79 A.D. (Myers, 1929). Its 
use in physics, which has not been traced back beyond the eighteenth 


century, was extended to include the wave form representirg the heart 
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beat on paper or on the cathode ray tube, then to other wave forms 
of like character, and finally to a simple train of sine waves (ibid. ). 
Evidence of its confused usage can be seen in ''The Songs of Insects" 
by G. W. Pierce (1948), a physicist and amateur entomologist. On 
p. 74 he uses it in the sense of a wave (a cycle), on p. 26 to describe 
a wave-train, and almost everywhere else as equivalent to assemblages 
of wave trains. Pulse has, in part, the same meaning as that used by 
physicists, thatis, for impulse modulation of the carrier frequency, 
but it is also used by most English and American authors for the sound 
emission produced by an entire movement of the stridulatory apparatus 
(Dumortier, 1963): These are the same in crickets, but in other 
insects such as field and leaf grasshoppers, one cycle of movement 
of the stridulatory apparatus would produce a biological pulse consisting 
of many physical pulses. 

A chirp was defined by Broughton (1952) and Chavasse et al. (1955) 
for grasshoppers as the sound corresponding to a single movement 
of the stridulatory apparatus. Most English and American authors 
use the term for a regular group of pulses separated before and 
after by a silence (Dumortier, 1963). Pierce (1948), Alexander (1957a), 
and Walker (1957) spoke of unipulse and mulitipulse chirps, thereby 
giving a chirp a multiple concept. 

Broughton (1963) says that in 1960 he circulated a draft review 


of suggested definitions to 36 bioacousticians throughout the world, 
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asking for their opinions. Except for the definition of pulse, he 
received overwhelming support from 12 of the 17 correspondents who 
replied. I will use the terms pulse and chirp in the sense that 
Broughton suggests. A pulse is a homogeneous parcel of sound waves 
of finite duration; a simple wave-train (i. e. one divisible into waves, 
but not into groupings of waves). Pulse duration refers to the time 
that elapses between the leading edge and the trailing edge of one 
pulse, and pulse interval refers to the noe that elapses between 

the trailing edge of one pulse and the leading edge of the adjacent 
pulse within the same chirp. Pulse rate, in pulses per second, refers 
to the number of pulses of average duration, separated by pulse 
intervals also of average duration, which would be produced in one 
second if they were produced without other interruption. 

A chirp is the shortest unitary rhythm-element of a sound 
emission that can readily be distinguished as such by the unaided 
human ear. A very long chirp with the constituent pulses resolvable 
by the human ear is called atrill. Chirp rate, in chirps per minute, 
refers to the number of chirps an insect would produce in one minute 
if it chirped without interruption at a fairly uniform rate. 

Haskell (1961) outlined the following methods of insect sound 
production. 

I. Sounds produced as by-products of some usual activity of 


the insect, such as walking, feeding, cleaning reactions or the beating 
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of the wings in flight. 

Il. Sounds produced by impact of part of the body against the 
substrate (some adult Coleoptera, Hymenoptera, Isoptera, Orthoptera, 
Plecoptera, and Psocoptera). Various parts of the body can be used 
for tapping, for example, the head (soldier termites, the Death Watch 
Beetle Xestobium), the tarsi (some Oedipodinae and tettigoniids), or 
the tip of the abdomen (a few Plecoptera, Tenebrionidae, and Psocoptera). 
Some Hymenopterous and Lepidopterous larvae produce sound by rubbing 
their anal segments against the leaf surface. 

nae Sounds produced by special mechanisms. The number 
and variety of insects which produce soundsinthis way exceed those 
of all other living organisms combined, but only a few of them make 
sounds loud enough to be noticeable to man (Alexander, 1957a). 

Three types of mechanisms exist: 

A. A vibrating membrane apparatus is widespread in adult 
Cicadidae and Cicadellidae (Homoptera). It consists of paired tymbal 
organs on the dorso-lateral surface of the first abdominal segment. 

Each organ hasa membrane, the tymbal, which is normally bowed 
outward, and a tymbal muscle attached to the center of the tymbal. 
Contraction of this muscle pulls the tymbal inwards producing a 
“click. '' When the muscle relaxes, the tymbal springs back to its 
original position due to its own elasticity, producing a second ''click.'"' 


To the human ear, the sound appears continuous. 
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Hinton (1948) applied the name tymbal organ to a sound producing 
apparatus on the thorax of some Arctiidae and Syntomidae (Lepidoptera). 
The tymbal, a modification of the metepisternal sclerite, forms a 
membranous covering over a cavity. Rapid contraction of the dorso- 
ventral flight muscles alters the shape of the cavity, causing the 
tymbal to vibrate with a crackling sound. 

B. Special mechanisms directly involving air movement are 
found in adult Orthoptera, Lepidoptera, Coleoptera, ard Hymenoptera. 
The epipharynx of the deaths head hawk moth, Acherontia 
atropos Linnaeus, interrupts the movement of air which the pharynx 

and its associated muscles suck up the proboscis. The resulting 
pulsed air stream produces loud squeaks. 

Many insects can emit poisonous froth or unpleasant liquids 
from certain spiracles, and such emissions may be accompanied 
_by audible noises (Haskell, 1961). The bombardier beetles Brachinus 
can spray fluid from abdominal glands accompanied by an audible 
sound. 

According to Woods (1959}, the piping of a queen honey bee is 
probably produced by a modulated air stream passing into or out of 
the spiracles. The frequency of the wing vibration is thought to be 
detected by proprioceptors which, by way of the central nervous system, 
determine the rate of opening and closing of the spiracles. Spiracular 
mechanisms have been suspected in various Diptera, but no modern 


work has been done with them (Haskell, 1961). 
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C. The greatest number and variety of insect sounds are 
produced by stridulation. Many adult Orthoptera, Coleoptera, 
Heteroptera, Lepidoptera, anda fewer species of adult Homoptera, 
Diptera, and Hymenoptera stridulate. Alleged stridulatory apparatus 
have been described in Psocoptera and Thysanoptera on purely 
morphological grounds, but their sound producing function is hypothetical 
(ibid.). Among immature insects, stridulation occurs in certain 
larvae and pupae in Coleoptera and Lepidoptera, pupae in Hymenoptera, 
and nymphs in Heteroptera, Odonata, and Orthoptera. 

In general, stridulatory apparatus are of similar construction 
and consist of a surface bearing a series of ridges or projections 
called the file, and a hard ridge or knob called the scraper. During 
stridulation the scraper is drawn across the file. The file and scraper 
may be on the head or head appendages, thorax, abdomen, tegmina, 
wings or legs, or involve a combination of any two of these body 
parts. In Orthoptera, the principal sound producing Order, tegminal 
stridulation and tegmino-femoral stridulation are the most widespread. 

Crickets (Orthoptera: Gryllidae) are the most renowned musicians 
amongst insects. Each tegmen bears a complete song producing 
apparatus which can be divided into two groups: The primary song 
producing structures, the file on the ventral surface and the scraper 
on the dorsal inner margin, and the auxiliary structures, membranous 


parts of the tegmen which are also set into vibration. During stridulation 
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the tegmina are raised and moved laterally across one another, 
usually with the right tegmen uppermost (Lutz, 1908; Lutz and Hicks, 
1930; Rakshpal, 1960; Huber, 1962; Bigelow, 1964), so that the 
functional file is usually on the right tegmen and the functional scraper 
on the left tegmen. 

Alexander (1963) studied the songs and associated behaviour of 
89 species of crickets representing 20 genera and eight subfamilies. 
He described six functional kinds of songs which operated only 
amongst adults of the same species, and only in connection with activities 
related to reproduction. These were the calling song, courtship 
song, courtship interruption song, post-copulatory song, aggressive 
song, and recognition song. Most species had a repertoire of at least 
four songs. If the repertoire consisted of just one song, that song was 
always the calling song. This thesis will deal exclusively with the 
calling song. 

The calling song is the one most commonly heard because it is 
the loudest, most rhythmical,and most persistant of all the songs. It 
is produced by mature males who have not copulated recently. The 
presence of a spermatophore in the spermatophore pouch is necessary 
for the production of the calling song in Gryllus campestris (Linnaeus) 
but not in Miogryllus (Gryllinae) or Anurogryllus (Brachytrupinae) (Alexander, 


1962, 1966). Gryllus veletis Alexander and Bigelowand Gryllus assimilis 
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Fabricius begin singing before their first spermatophores are developed, 
and removing developed spermatophores artificially does not inhibit 
the calling song (Rakshpal, 1960). Certain environmental factors 
also determine whether or not the calling song is pesaneeat Most 
crickets sing only under humid conditions, many sing mainly in the 
dark or at very low light intensities, some seldom sing except during 
the day, and others sing regularly both day and night. Mechanical 
disturbances, heavy wind and rain, and very high or low temperatures 
inhibit singing. Silent males are stimulated to sing in response to 

the calling songs of other individuals. When temporary contact with 
other crickets results in the production of temporary aggressive or 
courtship songs, it usually ultimately results in an adjustment to 

the calling rhythm and long-continued production of the calling song. 
This could occur either through external auditory feedback, some 
kind of internal feedback or both (Alexander, 1961). 

Upon hearing the calling song, sexually responsive females 
move in a fairly straight line towards the male (Alexander, 1960). 
This is at variance with the findings of Haskell (1953) with Gryllus 
domesticus Linnaeus, where the calling song caused continuous short 
bursts of locomotor activity. The calling song has a greater variety 
of effects on other males of the same species than on the females. 

By repelling subordinate males, the calling song is important in the 
spacing of territorial crickets, who remain only within hearing range 


of each other (Alexander, 1961). It has already been 
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Wieqrepowede Sthateathes tcallinterm song ican stimulate 
a silent male to start singing. Even in species that do not synchronize 
their chirps (chirp with the same chirp rate and continuously in phase), 
individuals in a field do not sing indeperidently of each other, but alter 
their rate or rhythm so that they sing in bursts separated by intervals 
where none or only a few crickets are singing (Alexander, 1957a). 
At close range, the calling song evokes aggressive song and aggressive 
actions such as antennal whipping, kicking with the hind or fore-legs, 
and biting with the mandibles. 

Pioneers in bioacoustics were handicapped by the lack of electronic 
instruments with which to record and analyze sounds. They could 
only describe them onomatopoetically and by aurally comparing them 
with known frequency sources such as tuning forks or musical scales. 
Only an accurate watch is needed to determine chirp rate however, and 
early experiments dealt with this parameter of the calling song. 
Brooks (1881) was the first to report in the scientific annals that there 
was a remarkable accordance between chirp rate (species not given) 
and air temperature. Dolbear (1897) expressed the relationship 
between chirp rate and air temperature by a straight line with the 

N - 40 

equation Crue 5 prom yen (N = chirp rate), which later became 
known as Dolbear's Law. He did not give the species, but from his 
description of the song and behaviour, Bessey and Bessey (1898) 
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thought it was probably Oecanthus niveus (DeGeer), the snowy tree 
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cricket, often referred to as the temperature cricket. They found 
that the relationship between chirp rate and air temperature was expressed 
by acurve. Between 60 F and 80 F the air temperature predicted 

N92 
by a straight line having the equation °F = 60+ 4.7 was one to two 
degrees lower than the actual air temperature. Below 60 F and above 
80 F, the predicted air temperature was two to three degrees higher 
than the actual air temperature. They concluded that Dolbear had 
oversimplified the relationship, and that the designation ''Law'"' for 
his equation was not justified. Edes (1899), Schull (1907), Fulton 
(1925), Allard (1929, 1930 a, b), Lutz (1938), Pierce (1948), Hallenbeck 
(1949), and Frings and Frings (1957) had no doubt that air temperature 
influenced the chirp rate of Oecanthus, Nemobius and Gryllus species, 
but the exact relationship had not been demonstrated beyond question. 
They suggested that a number of other environmental factors such as 
humidity and wind velocity as well as genetic, behaviouraland physiological 
factors also influenced the chirp rate. 

Dolbear (1897) sparked a heated controversy by claiming that 
individuals of O. niveus in the same field chirped apadatsacties be Edes 
(4899) and Schull (1907) regarded this phenomenon as an illusion, and 
thought Dolbear probably mistook the continuous chirping of one cricket 
for a chorus. Allard (1917) agreed that synchronous chirping occurred, 
but thought Dolbear had exaggerated when he stated all crickets in 


one field chirped synchronously. There were always a few in the 
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group who chirped asynchronously. Fulton (1934) showed experimentally 
that synchrony existed, by removing the auditory organs of males 

that chirped synchronously and noting that they were no longer able to 

do so. Only night-singing crickets that live in trees or tall shrubs 

sing synchronously (Alexander, 1960). 

With the advent of electronic instruments, there was an upsurge 
of interest in bioacoustics. Lutz and Hicks (1930) recorded and 
reproduced the sound of G. assimilis with a movietone camera. For 
the first time it was seen that a chirp is made up of a number of 
pulses which sound continuous, or at best slightly wobbly to the 
human ear. Lutz and Hicks did not solve the problem of whether a 
pulse was produced during tegminal upstroke, downstroke, or both. 
They believed, however, that a pulse was probably produced during 
every upstroke and every downstroke so that the pauses between 
_pulses within a chirp (about 0.047 sec duration) would represent the 
time required by the cricket to change the direction of tegminal 
movement. They thought these pauses were too short to represent 
the time needed for the tegmina to get back to the starting point, 
which would be the case if a pulse was produced during either the 
downstroke or the upstroke. 

Pierce (1948), using motion pictures of tegminal movement and 
simultaneous sound records, showed that G. assimilis produced sound 


only during the closing strokeof the tegminalmotioncycle. Alexander (1966) 
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said that all crickets he recorded appear to sonify only during the 
closing stroke. 

Cricket calling songs have a single strongly dominant frequency 
of from two to 10 kilocycles per second, which accounts for their 
unique musical quality (Alexander, 1962). In general, smaller crickets 
have the highest pitched songs (ibid.). Lutz and Hicks (1930) noticed 
that no pulse had more cycles of sound waves than there were teeth on 
the file. Each pulse started and ended faintly; the teeth at each end 
of the file were the least distinct and could possibly account for this. 
They suggested that each tooth strike caused one cycle of sound, 
and that the dominant frequency was determined by the number of 
file teeth scraped per second which in turn would depend on the 
spacing of the teeth and the speed of tegminal motion {i.e. a dominant 
frequency of five kcps would mean that 5000 teeth were antge per 
_second). 

Pierce (1948) verified this. He found that the number of sound 
waves emitted in one pulse of G. assimilis (calculated by multiplying 
the duration of the pulse by the dominant frequency) would be equal to 
the number of teeth struck during this pulse if 47% of the teeth on the 
file were used. The ratio of the downstroke in millimeters, obtained 
from the motion pictures, and the total length of the file in millimeters 
was indeed 0.47. According to Walker (1962), who worked mainly 


with a sonagraph, there is no completely satisfactory technique for 
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determining the duration of a pulse or the number of teeth struck 
during a pulse, 

The mechanism that allows tooth-strike rate to determine the 
dominant frequency operates as follows: as the scraper strikes each 
tooth, a thrust is given in one direction to the file and in the opposite 
direction to the scraper. These thrusts are transmitted to the 
respective tegmina at the same frequency. The fundamental frequency 
is accompanied by a series of harmonic frequencies having two, 
three, four ... times the fundamental frequency (Pierce, 1948). 
The tegmina vibrate up and down once (they are quickly damped by air 
resistance because they are soft and only a small basal part attaches 
them to the thorax) producing one rarifaction and one condensation of 
the surrounding air. There can be additional frequencies due to the 
resonance of the tegmen as awhole orin parts,and harmonics may 
exist for each of these resonant earns ry The dominant frequency 
is independent of the resonant frequency however. The resulting 
sound will be louder at the driven frequency, caused by the scraper 
striking the teeth. In gryllids, the tooth-impact frequency is equal 
to, or nearly equal to, the resonant frequency (the tegmina seem to 
vibrate as a whole) which helps explain the continuous emission of a 
fairly pure note (Haskell, 1961). 

Since the calling song functions to bring males and females 


of the same species together, the question that arises is to which 
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parameter or parameters of this song the female reponds to. Regen 
(14913) saw that an unmated G. campestris female was attracted to the 
calling song of a male of the same species even when the sound came 
over the telephone, badly distorting the frequency. Pumphrey and 
Rawdon-Smith (1939) showed that a tympanic organ-auditory nerve 
preparation of a locust was insensitive to low frequency tones (50 - 

3000 cps). It gave completely random responses to pure high frequency 
tones. A high frequency tone modulated at any frequency up to three 
keps elicited bursts of activity at the modulation frequency. The pattern 
of impulses along the auditory nerve was unaffected by large changes 

in the carrier frequency. They concluded that information on the pulse 
rate and pulse rhythm patterns, not information on the frequency, was 
transmitted to the central nervous system. In the light of this knowledge, 
Regen's observations, mentioned above, are explained by the fact that 

_ the telephone did not affect the modulation frequency of the calling 

song, and enough carrier frequency was getting through to excite 

the female's tympanum. In summary, the dominant frequency of 
cricket calling songs merely acts as a carrier frequency. Because the 
sound is produced only during tegminal closing, this poe frequency 
is amplitude modulated to produce pulses. Although the carrier 
frequency, in itself, plays no role in the responsiveness of the females, 
it must be within their hearing ae in order to transmit the information 


(pulse rate and pulse rhythm pattern) carried by the pulses. Gross 
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differences in the dominant frequency occur at the level of genus 
or subfamily, and rarely among species in the same genus (Alexander, 
4962). 

In species whose calling song has a trilling rhythm pattern, the 
female responds to the pulse rate (Walker, 1957; Alexander, 1962). 
Alexander classified the chirping rhythm pattern into three categories, 
each one varying in the parameter to which the females of the same 
species responded. These categories were: 

1. Chirps of intermediate length (3-7 pulses) delivered at an 
intermediate rate (100-300/minute) and somewhat irregularly. Females 
of these species responded to the pulse rate. 

2. Long chirps (6-15 pulses) delivered slowly (50-200/min ) 
and regularly. Females of these species seemed to respond to the 
chirp rate and chirp length. This fits in with Walker's finding (1957) 
that females of Oecanthus species, whose males produced reeulae 
chirps, responded to artificial pulseless chirps. 

3, Short chirps (2-3 pulses) delivered rapidly (300-900/min ) 
and regularly. Again, females of these species seemed to respond 
to the chirp rate and chirp length. Alexander suggested that perhaps 
they also responded to the continuity or discontinuity in chirp sequences. 

In each of the above categories, the parameter to which the 
females responded was also the one which varied the least within the 


calling songs of individuals of the same species. In categories two 
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and three, Alexander thought that perhaps the pulse rate strengthened 

the response to the chirp rate. Walker (1962) said that with the exception 
of Nemobius carolinus Scudder, the calling song of every species he 

has worked with had a single characteristic pulse rate at a given body 
temperature. The calling song of N. carolinus is a trill with smooth 

(no audible periodic changes in intensity) portions alternating with 
aya portions. The pulse rate during smooth portions was less 

than during the pulsating portions. 

Closely related species which breed at the same time and place 
have distinctive calling songs which prevent disadvantageous gene 
exchange; for these species, the calling song is now regarded as 
one of the best taxonomic characters (Bigelow, 1964). Sympatric 
species whose breeding seasons are seasonally isolated, or geographically 
isolated species, may not only have identical calling songs, but 
nearly identical repertoires (Alexander, 1962). 

Armed with electronic equipment and a greater knowledge of 
the physical aspects of the calling song, investigators again focused 
attention on the effects of the environment on the nature of the calling 
song. 

According to Walker (1962), humidity, sound,and temperature 
are the only features of the external environment known to affect the 
nature of the calling song. He found that lower relative humidities 


sometimes resulted in lower pulse rates, probably because of reduced 
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body temperature due to increased evaporation. However, the reduction 
was slight and so highly variable, even with the same individual 
under the same external conditions, that he dismissed the effects 
of humidity as being too small to be of any significance under field 
conditions. Sound influenced the chirp phase of crickets that synchronized 
their chirps and, as mentioned before, sometimes altered the chirp 
rate of species which did not synchronize their chirps. This was 
accomplished by changes in the chirp interval and the number of 
| pulses per chirp. Pulse rate remained the same. Walker did not 
notice any effect of age, fatigue or conditioning on the nature of the 
calling song. Damage to the tegmina resulted only in a decrease in 
' the intensity and a greater range of frequencies. 

Most cases of variation in the calling song of geographically 
separated populations of a single species and of individuals within 
a local species population are slight, and are probably due to genetic 
differences (Fulton, 1933; Alexander, 1957b; Alexander and Thomas, 
1959; Bigelow, 1960; Walker, 1962). 

Our knowledge of insect songs is still in its infancy, and many 
interesting discoveries can be anticipated. 

I will attempt to correlate morphology with function of the tegmina 
of Gryllus veletis and Gryllus RR eee: Sudelomtucyetiereitect of 


temperature on their calling songs. 
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2.0 EQUIPMENT AND METHODS 


2.14 Equipment 

A Uher 4000 Report-L tape recorder with a frequency response 
from 40 to 20,000 cps at 73 inches per second, and a Uher M 514 
microphone with a frequency response from 70 to 14,000 cps, were 
used. The magnetic recording tapes were Ampex 1.5 mil polyester. 

The sonagraph was manufactured by the Kay Electric Company, 
Pine Brook, New Jersey. The input signals go through a record- 
reproduce amplifier and are recorded continuously on a magnetic disc 
that is driven at 24 revolutions per second by a synchronous motor. 
The recorded signals are erased after one revolution of the drum by 
an erase head, so that approximately the last 2.442 sec of the input 
signal remain on the magnetic disc. This recording is reproduced 
repeatedly at 3.33 times the original recording speed. A piece of dry 
facsimilie paper is wound around the drum which rotates synchronously 
with the magnetic disc. As the drum rotates, the stylus moves upwards 
and a slightly different portion on the signal spectrum is scanned by 
either a 45 cycle or a 300 cycle band-pass filter. Where the frequencies 
scanned for occur, a current is sent up to the stylus and a mark is 
made on the paper. The end result is a sonagram (fig. 1) which, 
according to themanual, should portray the frequency region from 85 


to 8,000 cps. In practice it was found to portray only from 85 to 7, 000 
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(4 = pulse 


Sonagram of a four-pulsed chirp of a G. pennsylvanicus 
ne 1ge7: 


male. 


Barge 4. 


riedaqgs. 
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cps in a vertical distance of 9.55 cm. One revolution of the drum, 

which takes approximately 2.442 sec, covers a horizontal distance of 
31.75 cm on the sonagram. The darkness of the mark gives an indication 
of the relative intensity of various parts of the recorded signal. The 
range in intensity that can be satisfactorily portrayed in any sonagraph 

is about 20 decibels. To get definite db figures on actual loudness 

would require the use of a sound level meter under standard conditions 
with the animal itself. 

Cages used for recording animal sounds should be constructed 
from material that will not reverberate or reflect sound waves. 

Frings (personal communication), in his earlier work with insect 
sounds, found that in some glass containers, the reverberation and 
development of standing waves affected the sound patterns obtained, 
especially the pulse duration; in other glass containers, however, the 
pulse duration was apparently not affected. He now uses cages made 
of wood, not too tightly put together, with plastic screening. 

I put G. veletis and Gryllus pennsylvanicus (Burmeister) into 
polystyrene foam and styrofoam cages, but they never sang. Inthe latter cage, 
perhaps they were agitated by methyl chlorine gas which may have been 
emitted when their tarsi pierced the styrofoam. Figure 2a-d shows 
sonagrams of the calling song of a specimen of G. pennsylvanicus 
recorded at 25 C ina gallon jar with a narrow mouth, a one liter Pyrex 


beaker, a cage made from wire screening stapled together, and a cage 
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made from plastic (lucite) screening supported on a wooden frame. 

Recordings were easier to make using glass cages because the crickets 

could not climb up the sides and the microphone could be held stationary. 

It can be seen that the type of cage used greatly altered the shape 

of the pulses, especially the pulse duration. The sonagram from the 

recording in the beaker appears to have the sharpest pulse edges. 
Unfortunately, recordings of all the G. pennsylvanicus and 

most of the G. veletis calling songs were made in gallon jars before 

the above experiment was conducted; sonagrams from most of these 

recordings, depending on the amount of background noise, were too 

poor to be of much use. The remaining G. veletis calling songs were 

recorded in the 1 L beakers. The data which will be given for G. 

veletis were obtained only from sonagrams made from the recordings 

in the beakers; the data for G. pennsylvanicus were obtained by choosing 


the clearest sonagrams from the recordings in the gallon jars. 
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Fig. 2. Sonagrams of the calling song of a specimen of G. pennsylvanicus 


recorded at 25 C in four kinds of cages. X 1.5. Ordinate = 
frequency, abscissa = time. 
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2.2 Methods 


Males of G. veletis and G. pennsylvanicus from Lethbridge, Alberta, 
and their laboratory-reared first generation offspring were used in 
these tests. Each was given a key number, and placed individually 
in a cage with rabbit pellets and a test tube of water plugged with cotton. 

The crickets were held in the test room for at least half an hour 
before recordings were made so that their body temperature was in 
equilibrium with that of the environment. During this period the air 
temperature in the cage was taken every five minutes with a thermometer 
calibrated to fifths of a degree. Recordings were made at whatever 
temperature existed at the time. The test tube of water was removed, 
the microphone was suspended in the cage approximately six inches 
from the cricket, and the calling song was recorded at a tape speed of 
75 ips. The air temperature where the cricket had been singing was 
taken again immediately after the recording and the average temperature 
calculated. The relative humidity determined at each experimental 
temperature always remained between 30% and 40%. The crickets 
were moved into rooms with different temperatures, and the above 
procedure was repeated. 

Tape recordings of the calling songs of nine specimens of G. 
veletis at 22 different temperatures ranging from 15.2 C to 32.8 C, 
and 10 specimens of G. pennsylvanicus at 12 different temperatures 


ranging from 22.6 C to 28.6 C, were analyzed. This was done by 
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connecting the tape recorder by co-axial cable to the sonagraph. 

Each recorded sound was fed into the sonagraph at tape speeds of 33 
and 1 7/8 ips as well as at the 73 ips at which it was recorded, in 
order to pick up any frequency components above eight kcps, and in 
order to spread out the time elements to facilitate their measurement. 
Onis the wide band-pass filter of the sonagraph was used, giving the 
best resolution of the time elements on the sonagrams. 

Sonagram measurements of pulse duration, pulse interval, pulse 
rate,and dominant frequency were made on the same three consecutive 
chirps from each cricket at a given temperature. Pulse duration 
was obtained by measuring the width of the pulse on the sonagram, 
and pulse interval was obtained by measuring the distance between 
the trailing edge of one pulse and the leading edge of the adjacent pulse 
within the same chirp. Since the pulses were interrupted within one 
second to form chirps, pulse rate was calculated from the data obtained 


from a chirp on the sonagram: 
n 


pulse rate =d xv 
where: d = the distance in cm between the leading edges of the 
first and last pulse in this chirp 
n = the number of pulses in the chirp between d 


the drum speed in cm/sec (13 cm/sec) 


Vv 
Dominant frequency of a pulse was obtained by taking the mean of the 


highest and lowest dominant frequencies which were read off a frequency 
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template made by using the sonagraph's built-in calibrator. 

Fach pulse within a chirp was given a number, with number one 
referring to the first pulse within the chirp. The grand average duration 
of each of the numbered pulses was obtained by taking the average 
duration of pulses with the same number for three chirps analyzed 
at 32 ips, then taking the average duration of the same pulses analyzed 
at 17/8 ips, and finally calculating the grand average duration of 
each of the numbered pulses. The same procedure was followed in 
calculating the grand average duration of each pulse interval, the 
grand average pulse rate, and the pond average dominant frequency 
of each of the numbered pulses, except that for the last two measurements, 
the three consecutive chirps were analyzed at 75 ips as well as at 33 


ips and i 7/8 ips. 
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2.3 Sources of error 

The air temperature in the cage did not fluctuate more than +1 C 
during the half hour before a recording was made, but the cricket's 
body temperature may not have been the same as the average air 
temperature recorded. Variation in humidity may have altered the 
pulse rate slightly. 

The rooms in which recordings were made were not soundproof; 
sonagrams of chirps recorded in rooms with background noise have a 
blur of black marks which mask the outline of the pulses, making 
measurements difficult. Frings Seeavake communication) suggests that 
reflections and reverberation of the walls of the room as well as those 
of the cage, could cause some frequency distortion of the sound being 
recorded, and may also account for the fact that the trailing edge of 
a pulse is seldom sharp. The effect on pulse duration of the kind of 
material used to construct the cage has already been discussed. 

All recording equipment distorts sound. Harmonic distortion, 
given in percentage of the fundamental frequency,is the most common 
type of distortion; harmonics of two and three times the fundamental 
are introduced. I was unable to obtain the percentage by which the 
Uher 4000 Report-L distorts recorded sounds. The best tape recorders 
claim a small fraction of 1% distortion; a 2% to 4% distortion is 
acceptable for music and speech. This recorder has a flat response 


which varies within +3 db between 60 and 14,000 cps (manual), however 
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this variation would contribute very little to harmonic distortion. 

Most recording equipment is designed for speech and music, 
where the higher frequencies have the lower intensities, consequently, 
the preamplifier of the recorder is designed to pre-emphasize them 
during playback. The energy distribution of most biological sounds, 
including cricket sounds, is not known, and there is the danger that 
pre-emphasis will be applied to frequencies which already have a high 
intensity. This could increase the distortion of some frequencies by 
overloading the tape, the amplifier or both. in would also limit the 
amplitude of lower frequencies. The noise produced by the Uher 
4000 Report-L is 56 db below the loudest recording level, and normally 
would not contribute appreciably to background noise, but trying to 
increase the amplitude by turning up playback gain gives a higher 
noise level. 

Tape movement is not uniform in any tape recorder. In theUher 
4000 Report-L, wow and flutter combined vary + 0. 15% at 7>eipsrimanual), 
This could affect sonagram measurements of pulse rate, pulse duration, 
and pulse interval, although not to any great extent. 

The M 514 microphone has a flat response which varies within 
+3 db over its frequency response range, but again, this would 
contribute very little to harmonic distortion and background noise. 

The cardioid pattern of this microphone must be kept in mind when 


directing it towards a sound source. There will be an intensity difference 
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of 20 db between sound entering the microphone straight on, and the 
same sound entering the microphone at a 90 degree angle. 

Many factors can thus affect the intensity of sounds reproduced 
on tape. The difference in the shape of some of the sonagram pulses, 
and the absence of faint, short marks at the beginning of some chirps 
could be due to certain frequencies having such a low intensity that 
they do not show up on the sonagrams. 

Frings (personal communication) who has studied sound production 
in both insects and marine animals, considers the sonagraph a poor 
instrument for any sort of sound analysis. Where sounds are pulsed, 
as cricket sounds are, the pulse rate can be modulated upon the 
frequencies of the sound to produce more complex patterns. These 
secondary patterns would interfere with sound analysis, and might 
be the cause of the problems encountered when recording under 
reverberant conditions. He says that a sonagram without an accompanying 
oscillograph may be next to useless, and that this view has recently 
been supported by studies at the Marine Biological Laboratory in 
Woods Hole, Massachusetts. 

Pulse duration, and therefore pulse interval, depends partly on 
where the marking intensity of the sonagraph is set. Both were difficult 
to measure because the transition from sound to silence is seldom 
sharp. The Sona rion time scale accuracy limitis 1.5 msec. 

The upper and lower frequency limits of a pulse are not sharply 


demarcated. The sonagraph's accuracy limit for frequency is 45 cps. 
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3.0 OBSERVATIONS 


3.1 Tegminal morphology 

5.41 Areas of tepmina 

The tegmina of G. veletis and G. pennsylvanicus are tough and 
leathery, and when closed, they form a box-like cover for the proximal 
part of the abdomen. The right tegmen was uppermost in all of the 
crickets I studied. Each tegmen is folded longitudinally along the stem 
of the medial vein to form a dorsal and a lateral field. A series 
of fan-like folds along the branches of the media forms the median fan, 
which allows for the tapering of the abdomen. The dorsal field is 
divided into five subdivisions: the basal area, the harp, the cordal 
area, the mirror,and the apical area (fig. 3). 

The tegmina from ten randomly-selected specimens of G. veletis 
and ten randomly-selected specimens of G. pennsylvanicus were mounted 
on slides, photographed, and the prints enlarged to give a magnification 
of 18.4 times. The area of each of the five subdivisions of the dorsal 
field was measured with a planimeter. Tables 1 and 2 show the 
percentage of the dorsal field occupied by each of these subdivisions 
for G. veletis and G. pennsylvanicus respectively. For both species, 
the five subdivisions, in order of increasing area, are: mirror, apical 
area, cordal area, basal area,and harp. 

Figures 4 and 5, plotted from the data in table 3, show that for 


both species the areas of the mirror and harp increased linearly with 


SHO? STS 
w 
—s | 
ita 
tc 1bB OE 
* 
P) 
+e 
So 
ALi r 
: 
= »*y 
Bi2 3 Oc 
» } 
\ 
( 
‘ 


= stil = S$ ee Von 7 hae ‘ 
“1 u 2aW eoryysi Idahy oAT recooude 
. tes ngo7 nosd 
- - 7 - A 
‘ ; > S Arta) of abev bales 
a = a2 1? ¢ 1a if lé vb a} 
7S) ,* r 3 4 | 2 
+ | a F 
‘ , tee aD isl ‘ 
- - 
&: gf) #erTe Iss aF ue 
% 
arbinege hovaetsa-yWlitebco net cot, phage 
a 7 > — i e , a . 
é I ‘ J : > af t=‘ i IGwSae tT nek 
: % oO) Sop tsinse aanitg 9:9 bes’ . botigsiaoioad eh 
. a 6s71A 2AV Ct ol? & .8 
wone ta J 3 i Siw bors som 2ew’ 
‘ ! 
e t$to Has j go Gi Serob sf do 
+ ‘ > - Z a -\ ‘bude - 
. f sligatt, i ie a pa) 7 
44in ch niassty lo 19b70 ai .smolezihvibdus evil 
ae _ 
-<GtSH bas, cs716 lished .paeh 
OO 
wade Fb att i Stab sd?tmmack Bas: bs ine i, iui 
‘ ‘ - os | Of BI5D Silt gio = as205g ie Uns . Pari 
: . 7 ; 
ule nner ry é awe © a) ae fo oo ~ - = ? : 
EBart) NSeqSt et Gasd bas 107712 of? to.ee6ct st eoleeee 
7 i a - r 
| a 7 
7 - - ; 
— _—e 
17 ; : - ov 


a 
A 


: i 
iqzom lénice 


yyotos 
; a : 
agorA thé 


animes? ic 
2 bee etteley .0 lv enieaged oft 
: ~S : 7 
~~ 


new ine ,¥t 


7 
’ a 


39% 


basal area 


cordal area 


apical area 


Fig. 3. Subdivisions of the dorsal field of the left tegmen of a 
G. pennsylvanicus male. x70 
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an increase in dorsal field area. In all cases, the correlation co- 
efficients for the regression lines show that there is less than one chance 
in a hundred that these relationships were due to chance. Rakshpal 
(1960) obtained the areas ofthe dorsal field, harp,and mirror of 

G. veletis and G. pennsylvanicus by taking measurements of length 

and width using an oculometer. He said that (p. 5014)... ''the size 

of the mirror is in many cases more or less directly proportional 

to the size of the tegmen.'' In the next paragraph, he stated that the 

size of harp and mirror appeared to be directly proportional to the 


size of tegmen. No data were given. 
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0. 06 Fig. 4. Tegmina of G. veletis and G. pennsylvanicus males: 
The relationship between the areas of dorsal field and harp. 
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Fig. 5. Tegmina of G. veletis and G. pennsylvanicus males: The 


relationship between the areas of dorsal field and mirror. 
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3.12 Venation 

The nomenclature used here is that of Comstock (1918). The 
description of the venation applies to the tegmina of both G. veletis 
and G. pennsylvanicus, and can be followed on fig. 6. 

The costa is either absent or incorporated into the subcosta. 
The subcosta lies well behind the anterior margin; its accessory 
branches support most of the lateral field. The unbranched radius 
runs just behind the subcosta, and the media, its branches supporting 
the median fan, lies behind the radius. The cubitus divides near the 
base into Cu4 and Cuz. Cuy, parallels the media to the base of the 
median fan, then divides into a number of accessory branches supporting 
the apical area, delimiting the mirror, and forming the boundary 
between the harp and the cordal area. Cuz bends abruptly towards the hind 
tegminal margin where it fuses with 1A and then with 2A in the region 
known as the node. These three veins separate to form the three 
cords in the cordal area, with Cu, and 1A forming a enclosed loop. 
3A runs closely behind 2A, reaching the posterior tegminal margin just 
before the node. Cross veins occur in the lateral field, basal area, 
and cordal area, but the most strongly developed ones are the three 
or four forming the "'strings'' of the harp and the one in the mirror. 
The veins in the apical area are colored black as cross veins and 


branches of Cu, are indistinguishable. 
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color code for venation: 
subcosta - yellow 
radius - red 
media - blue 
cubitus i - green 
cubitus Z - lime green 
4 anal - orange 
2 anal - open orange 
3 anal - hatched orange 


cross veins - black 


Fig. 6. Venation of the left tegmen of a G. pennsylvanicus male. 
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3.13 Sound producing apparatus 
The sound producing apparatus is on the dorsal field. The ''scraper"! 
is located on the hind margin of the tegmen in the basal area, and the 
L-shaped ''file'' is the portion of Cu bearing teeth that project 
ventrally and mesally. This portion of Cu, lies in a transverse furrow. 
The mirror and the harp are the main auxiliary structures, The tegmina 
mounted on the slides mentioned above were photographed again, this 
time through a microscope, and partial enlargements were printed 
to give a total magnification of 192. Data pertaining to the file and 
teeth were “prec from these photographs. | 
Figure 7, showing the relationship between dorsal field area 
and file length, and fig. 8, showing the relationship between file 
length and number of file teeth, were plotted from the data in table 4. 
For G. veletis, file length increased linearly with an increase 
in dorsal field area (r = 0.778 < 0.014). For G. pennsylvanicus, 
there was an increase in file length with an increase in dorsal field 
area, but from the graph, it appears that the relationship followed 
a negative concave curve rather than a straight line (r = 0.500> 0. O5)e 
The mean dorsal field area was 0.029 cm% greater for G. veletis 
than for G. pennsylvanicus, but the mean file length was 0.012 cm 
loge: for G. pennsylvanicus than for G. veletis. 
For both species there was an increase in number of teeth with 


an increase in file length (fig. 8), however, since r = OetO4a O05 
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Tegmina of G. veletis and G. pennsylvanicus 
males: The relationship between dorsal field 
area and file length. 
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Fig. 8. Tegmina of G. veletis and G. pennsylvanicus males: 
The relationship between file length and number of 
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and r = 0.254 > 0.05 for the regression lines of G. veletis and 
G. pennsylvanicus respectively, there were more than five chances 
in a hundred that a linear relationship between number of teeth and 
file length was due to chance. The mean number of teeth on the 
file was 147 +5.3 (range 138-155) for G. veletis and 153 +5.6 (range 
141-163) for G. pennsylvanicus. 

According to Rakshpal (1960), when the tegmina of two individuals 
are of the same size and the number of teeth varies, the length of 
the file is directly proportional to the tooth number. He found the 
mean tooth number to be 143 +11 for G. veletis (N = 50) and 162 +9 
for G. pennsylvanicus (N = 50). Bigelow (1960) gave the mean tooth 
number as 138 +10 for G. veletis (N = 21). The number of teeth can 
be used to distinguish between some species (Pierce, 1948; Alexander 
and Thomas, 1957; Rakshpal, 1960; Bigelow, 1960; Leroy, 1962), 
however with G. veletis and G. pennsylvanicus, tooth number overlaps 
so much that it is poor as a taxonomic character (Rakshpal, 1960). 

The means on tables 5 and 6, which compare the right and left 
tegmina of G. veletis and G. pennsylvanicus respectively, show 
that for both species file length, number of file teeth, and the areas 
of dorsal field and mirror didnot differ significantly between the left 
and right tegmina. The mean areas of the harp for the right and left 
tegmina were equal for G. veletis, but differed slightly for G. pennsylvanicus. 


The file teeth on the right and left tegmina appeared equally well developed. 


7 - 
baw. atteees 
1! 
+oOnetD | EG 
= : - 
nh l = oT 
f « 
‘es « ae 
; Sras At) es 2 
Ny a * e 
sonéer)d.6 f£d) { 
v% id . 7 } 
a 
j = * 
J ¢ 
in i 1 
ose i ~/ * 
a . ae * ibe 
fs, 7 ~~ 
ati hea a4 
it6> (36567 16 tad 
- e ' 
bi 4 . 
‘ 
, ¢ 
{ 44 . 
t a) 7 " 
i f 
| 
i é 
df 
‘ ~ 
J s 
- r 
+ ap = a ‘J # 
« f is 
A , 7] 
» oti tie ! 
: C22 ’ ie 
>i sw signi 
25h. iL So 


rt 1 
10 repcty 
. 

4 s 
s % 

DL. 
"T 

+ wi 

igy 3 
{Ne 
. 
. d 
2 
i 
; 
- ‘ 
4 
oJ a) 
"] Ll 
; 
iis Psat 

HHSaq 

3 
a 
ee 


_ a 
- : 
‘ a) \ (evitoag « 
A 2 asqes —_ 
) 7 7 
d gidenctiaiot +8 
. 
; ; 1 i 3°) .. 3 cut 
- 4 ao a , 
iy 33-4 4 ic s Yee 
>i if 4 ‘3 j 
, P F. i < 
Tt - ai bE ii a s 2. 
s] ) ¥ o va 3 ie ae: : 
@ ViTtogess 
= yy ¢ * 
J O A » a J3@ OF, 
c. = Or = .- 
ta ‘ } . a 
r \ r » - y y 
¢ é ~ "I, 
or: 
te & 
*~ 
. oc. { 7 ee 
eeprci” flag SEATS 4 
‘.. , o> 
4 7 . a 
é orn 
‘ € a 
; of vs “ 
te ~ os - 
i 
‘ < _ 4 3 
» Lads PEL Be | 
“yee 
ae ist Jon O1D TOs 5 im 
- > «e ‘ 7" 
4iiJ 4: S143 ILe5i71 A 7 x 
t7ro> tud asisteyv a DI 
—— he ee — _ y 
7 ® i 


> Ds 


- _ 
sight wt co 


| 
ue 


Eciagye! 35] brie 


J 
7 


_ 


=< 7G) 


Rakshpal (ibid.) found that the right and left tegmina of G. veletis 

and G. pennsylvanicus were usually similar in size, the length of the 
file and the size of the mirror sometimes differed, and the number 

of file teeth was usually different. In other respects he found the sound 
producing apparatus of both tegmina to be similar. Pierce (1948) 

found that the file on the left tegmen of G. assimilis was usually less 
well developed than the file on the right tegmen. 

Rakshpal (1960) separated the file teeth into three groups: 
small, elliptical teeth on the lateral part of the file; large, elongated 
teeth on the middle part; and the smallest, though still elongated 
teeth on the medial part of the file. Figures 9 and 10 show the three 
groups of file teeth for G. veletis and G. pennsylvanicus respectively. 
The teeth on the lateral part of the file appear more elliptical for 
G. pennsylvanicus than for G. veletis, but the two other groups of 
teeth appear similar for both species. According to Rakshpal and 
Bigelow (1960), the general size and shape of the file teeth differ 
amongst congeneric species. Rakshpal showed that for G. pennsylvanicus, 
the teeth on the lateral part of the file are more elongated, the teeth 
on the middle part of the file are not as curved, and the teeth on the 
medial part of the file are more elliptical than the corresponding 
three groups of teeth for G. veletis. 

Figure 14, plotted from the data in tables 7 and 8 for G. veletis 


and G. pennsylvanicus respectively, shows the percentage of the total 
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Fig. 9. Left tegmen of a G. veletis male: The three groups of file 
teeth. X76 (Ventral view) 
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Fig. 10. Right tegmen of a G. pennsylvanicus male: The three groups 
of file teeth. X 76 (Ventral view) 
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Bieieid, LTeemina of G. veletis and G. pennsylvanicus males: The 


percentage of total number of teeth 


percentage of the total number of teeth found on each con- 


secutive 10% of the length of the file, from the medial to 
the lateral end. 


20 


Somes (Cn OE 
L415 --- QG. pennsylvanicus 
Sag | 
rte | 
10 § 
| a 
| 


SU mec Ue > 040 e50 


percentage of the length of the file 


29! GOA a ule Ayoumen . ») tebe: = 


a ce ag 


ina co bhuolLalwe are q sayin. is 
siberd af mot? yall 


+ ad tT to 


-— SA 


* 


wi 


4 
i 
1] 
reas ~-« 
5 
1 
i 
i] { 
¥ ‘ 5 
; , 
| ; } 
( j 
' i ! ; i 
— =o - : oo 
‘ —— 
z n wT <a ' 
. { re Gg; 
\ a 
t ~~ oe 


off ord tos 


ide on 
- 


- 


a 4 
igirol oda hy 


— 


- 
‘ 


317 ‘ 

a 
irae 
ia. 

-_ AY 


= 53) 5 


number of teeth found on each consecutive 10% of the length of the 
file, from the medial to the lateral end, for both BPECIeS mer Oru, 
veletis, the percentage of teeth decreased progressively from 18.85 
to 8.041% from the first to the sixth 10% of the file, then increased 
progressively up to 8.76% in the last 10% of the file. For ice 
pennsylvanicus, the percentage of teeth decreased progressively from 
47.85 to 8.23% from the first to the seventh 10% of the file, then 
increased slightly, and finally fell to 8.411% in the last 10% of the 
file. In both species, the greatest decrease in the percentage of 

teeth fell between the first and second 10% of the file. Alexander 

and Thomas (1959) found that although the number of file teeth differed 
between Nemobius allardi Alexander and Thomas, Nemobius tinnulus 
Fulton, and Nemobius fasciatus (DeGeer), the distribution of file teeth 
along the file was similar for all three species. 

In order to find out if it was possible for the scraper to make 
contact with all of the teeth on the file, I traced the ten photographic 
prints of the right and left tegmina of G. veletis and G. pennsylvanicus 
on transparent plastic, and marked the positions of the scraper and the 
file. The transparency of each right tegmen was placed over the 
transparency of the left tegmen from the same specimen in the normal 
flexed position. Both were tacked onto a sheet of paper at the position 
of the second axillary sclerite, so that they could be moved as in life. 
This was marked off in degrees to facilitate checking that the 


right and left transparencies were opened and closed by the 
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same amounts. In neither species could the scraper make contact 

with about 10 of the lateral teeth on the file because the left tegmen 

was prevented from moving further mesad by striking the perpendicular 
junction between the lateral field and the dorsal field of the right 


tegmen. 
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3.2 Calling songs 
| 3.24 Description of a chirp 

The calling songs of G,. veletis and G. pennsylvanicus are 
composed of chirps, and there was no difference between the sounds 
of these two species. There was no noticeable difference in either 
species in their readiness to chirp as the relative humidity varied 
between 30% and 40% or with changes in light intensity. Below 20 C 
chirping became very sporadic. 

According to Alexander's (1962) classification of the chirping 
rhythm pattern (see section 1.0), G. veletis and G. pennsylvanicus 
have chirps of intermediate length, delivered at intermediate rates, 
and somewhat irregularly. A detailed study of the effect of temperature 
on chirp rate is feasible only with species that are regular chirpers 
(Walker, 1962), therefore I did not study the chirp rate. The 
duration of a chirp depended on the number of pulses per chirp and 
the pulse rate. 

The number of pulses per chirp varied from three to six for 
G. veletis and from three to four for G. pennsylvanicus (table 9). 
Both species are reported to have three, four, and five-pulsed chirps 
(Alexander and Bigelow, 1960). G. veletis sometimes has six and 
seven-pulsed chirps, the mode being a four-pulsed chirp (Alexander, 
4957b). The frequency distribution of pulse numbers ina chirp 


may be a useful taxonomic reference (Leroy, 1962). 
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One or two faint, short marks sometimes appeared on the 
sonagrams at the beginning of a chirp (fig. 1). Table 10 shows the 
percentage of sonagram chirps beginning with these marks. According 
to Lutz and Hicks (1930), they could represent separate pulses or 
merely be an mmiehruptee first pulse. They were not included in 
any of my measurements. 

All pulses appeared to have the same intensity. At six inches 
from Gryllus species, the intensity of the song is 70-100 db (Alexander, 
1966). The leading edge of every pulse was more sharply demarkated 
than the trailing edge. 

The means of the grand average pulse durations for the first 
three pulses within a chirp and the means of the grand average pulse 
intervals are given in table 11 at 24.9 C for G. veletis and in table 12 
at 26.3 C for G. pennsylvanicus. Pulse duration increased progressively 
from 11.86 msec for the first pulse to 17.54 msec for the third 
pulse for G. veletis, and from 13.97 msec for the first pulse to 19.20 
m sec for the third pulse for G. pennsylvanicus. The first pulse was 
of much shorter duration than the following pulses in both species. 

The means of the grand average pulse intervals between these first 
three pulses increased from ZANGOMMMO 425. Sbtuvseci for Griveletis 
avid rarconige2 43,95: ito 28.43 msec for G. pennsylvanicus. The 


ratio of the average pulse interval to the average pulse duration was 


4,54 for G. veletis and 1.59 for G. pennsylvanicus. 
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There is no data in the literature on pulse duration or pulse 
interval for these two species. For G. assimilis, Pierce (1948) and 
Lutz and Hicks (1930) found a progressive increase in pulse duration 
from the beginning to the end of a chirp, with the first pulse of much 
shorter duration than the following pulses. The pulse intervals were 
very constant. Pierce found the ratio of pulse interval to pulse 
duration to be 1.70. According to Lutz and Hicks, it was 0.89. 
These authors did not give the temperatures at which their data were 
obtained. At 25 C, Leroy (1962) found that pulse duration was greater 
than pulse interval for Gryllus peruviensis Saussure, less than pulse 
interval for Gryllus argentinus Saussure, and about equal to pulse 
interval for Gryllus capitatus Saussure. She also found that the first 
pulse within a chirp was usually of shorter duration than the following 
pulses. 

Data on dominant frequency for G. veletis specimens #4 and #6 
are not included in table 13 because the sonagrams were too poor 
for these measurements to be made. Dominant frequency decreased 
from the beginning to the end of each pulse, but decreased at a faster 
rate at the beginning of the pulse than towards the end of the pulse. 
This agrees with Walker's (1962) finding. The means of the grand 
average dominant frequencies for the first three pulses, given in 
table 13 at 25.2 C for G. veletis and in table 14 at 26.3 C for 


G. pennsylvanicus, show that dominant frequency of the first pulse 
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was much lower than dominant frequency of the following pulses 

within the chirp. For G. veletis, there was a progressive increase 

in dominant frequency of the pulses within a chirp from 4.34 kcps 

for the first pulse to 4.49 kcps for the third pulse. For G. pennsylvanicus, 
dominant frequency increased from 4.05 kcps for the first pulse to 

4.414 kcps for the second and third pulses. 

The number of teeth struck per pulse was calculated by multiplying 
the dominant frequency in cps by the duration of the pulse in seconds. 
These calculations were only made for G. veletis as data on dominant 
frequency and pulse duration for G. pennsylvanicus was questionable 
because of the recording technique described previously. The means 
of the number of teeth struck during the first three pulses, shown 
imetables ( atiz552)G,/ increas edi progressivelysfrom (522,04 forthe 
first pulse to 77.65 for the third pulse, with the first pulse having 
many fewer teeth struck than the second and third pulses. Leroy (1962) 
found that within a chirp, it was rare that the number of teeth struck 


per pulse was the same for different pulses. 


eseling yoiwetiol ail to 

Seen a B aa cial earatey ate 

eqot BE.) cro? qpulda s aliinw esaleg sf 30 
siesvivaiemy rol nefyq trast atts ted sctod C6 os walug 4 
oF otf tar ed! +cat ego 20.0 mor) Baeesrsae 


sonioy 2/0? tas SagusH we? te 


al 
gniyipttiiccs ve betelvolen ssw seleq Teg zou esd 16 ceGeeee 


1 
ee 


ebictosee si.galinag ef) To Golie: 6b an] yu nao rive Yansupe ed 


thanivnon oo 40h en aitergy aot Shere ylco seew andBaleoiaes 


se Ssidscpiivovp-2nw airsiteyl ri gany — Tol cuiletee ewlog Bae 


—_ — ee _ — 


- . : 
"a “4 7 
etagar and  vlevoiverd bsiirodeb SHplintros goib eset wits Yo | 


ivok aculimy oord) teeD a8 gaisels dowase Mona do radeon wd 38 - 


re 


arg, 00% 20.87 gms Yfaviae- 2974 Geaueton! ,O-S 8S) ta Vi ald 

gay Selog tach adi dim .seley bends odd ees. Ft of aobing 
(Sot) Pa TAL Lasalen 4 brett bee bans’ aa! 2tqd; Jlourtte ios! rowel ¥ 
Asus Wisd3 to redinswn sds tet eset wow Th gedde nidtine 1edd 


32, U0 Jnewollip vol ents edpaae 


iT 


5g) = 


3.22 Effect of temperature renee on pulse rate 

Pulse rates ranged from 14.9 to 36.9 pulses/sec for G. veletis, 
and from 20.1 to 25.2 pulses/sec for G. pennsylvanicus (tables 15 and 
16 respectively), with warmer crickets producing faster pulse rates 
than colder crickets (fig. 12). The correlation coefficients for the 
regression lines are 0.916 < 0.01 for Ge weletistand(02459°>) 30. 0> 
for G. pennsylvanicus. For G. veletis, a sigmoid can be drawn 
between 10 C and 45 C (fig. 412). There is no data on temperature 
versus pulse rate for G. pennsylvanicus in the literature. At 29.4 C, 
Alexander (1957a) gave the mean pulse rate for G. veletis as 25.0 with 
a range between 24.0 and 29.0 pulses/sec. My calculations from the 
equation of the regression line show that at 29.4 C, the pulse rate 
would be 31.2 pulses/sec for this species. Walker (1962) plotted 
temperature against pulse rate for 20 cricket species representing 
seven genera and five subfamilies. The relationship was always linear 
with warmer crickets producing faster pulse rates than colder crickets. 

When the regression lines are extrapolated downwards, zero 
pulses/sec occur at -1.47 C for G. veletis and -44. 64 C for G. 
pennsylvanicus. Walker (ibid.) found that regression lines tended to 
converge at -4.0 C and zero pulses/sec, with a range between 0.6 C 
and 7.7 C, and he suggested that this tendency to converge might be 
more pronounced with more accurate or more extensive data. Crickets 


usually sing only between 40.0 C and 45.0 C (Alexander, 1960). 
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Fig. 12. Gc. veletis and G. pennsylvanicus calling songs: The relationship 
between temperature and pulse rate. 
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3.23 Effect of temperature change on pulse duration and pulse 

interval 

Figure 13, showing the relationship between temperature, pulse 
duration, and pulse interval, was plotted from the data in tables 114 
and 12 for G. veletis and G. pennsylvanicus respectively. For 
G. veletis, pulse duration and pulse interval decreased linearly with an 
increase in temperature (r = 0.603 < 0.01 for pulse duration and 
0.877 < 0.014 for pulse interval). Pulse interval decreased 3.85 
fold faster than pulse duration for a unit increase in temperature. 

At 34.5 C pulse interval and pulse duration would be equal. For G. 
pennsylvanicus, pulse duration and pulse interval did not appear to 
follow a definite pattern with an increase in temperature. The difficulty 
encountered in measuring sonagrams of chirps recorded in gallon jars 
could account for this. 

There is no published data on the relationship between temperature, 
pulse duration,and pulse interval for G. veletis or G. pennsylvanicus. 
Walker (1962) said that with all the crickets he studied, pulse interval 
always decreased faster than pulse duration with an increase in 


temperature. 
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G. veletis and G. pennsylvanicus calling songs: The 
relationship between temperature, pulse duration, and 


pulse interval. 
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3.24 Effect of temperature change on dominant frequency 

Figure 14, showing the relationship between temperature and 
dominant frequency, was plotted from the data in tables 13 and 14 
for ice veletis and G. pennsylvanicus respectively. For ‘Ce veletis, 
dominant frequency of a chirp ranged from 3.99 to 5.37 kcps and 
increased linearly with an increase in temperature (r = 0.603 < 0.04). 
For G. pennsylvanicus, dominant frequency of a chirp ranged from 3. 63 
to 4.54 kcps, but did not appear to have a definite pattern with an 
increase in temperature. The individual data for the four specimens 
whose calling songs were recorded at more than one temperature shows 
that dominant frequency increased with temperature in two specimens 
(#27, #33), but decreased in the other two specimens (#4, #2). 

Alexander (1966) found that field cricket chirps had a dominant 

frequency of from four to five kcps. According to Walker (1962), 
dominant frequency increased as temperature increased, at least at 
low and moderate temperatures (10 - 25 C), but the exact relationship 
varied from species to species. The rate of increase in dominant 
frequency with temperature sometimes decreased or became zero. 
If the rate of change was very low, only by following the data for 
individuals was a rise in dominant frequency with temperature demonstrated. 


He knew of no way to predict the shape of the curve even if all the other 


relationships were known. 
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Fig. 14. G. veletis and G. pennsylvanicus calling songs: The relation- 
ship between temperature and dominant frequency. 


? 
é 
— 
3 
; { = { 
<1 =a Tr} 
““arsin 
‘ 
in _ was 


“IGETIG Hrs 


. 


at life oe 7 eu32 titi 


— 


iv eae iui 2 br. 


= 65 


3.25 Effect of temperature change on number of teeth struck 
per pulse 

As was mentioned under the description of a chirp, the number 
of teeth struck per pulse was obtained for G,. veletis by multiplying 
the dominant frequency by the duration of the pulse. Within a chirp, 
the average number of teeth struck per pulse ranged from 43.5 to 90.4 
(table 17), but fig. 15 does not show a discernible pattern relating number 
of teeth struck per pulse and temperature. Walker (1962) found that 
in some species there was a reduction in number of teeth struck per 
pulse as the temperature increased, but in other species, there was 


no such reduction. 
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Fig. 15. G. veletis calling song: The relationship between temperature 
and number of teeth struck per pulse. 
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4.0 DISCUSSION 


Rakshpal (1960) and Huber (1962) took crickets that had the 
right tegmen ayer the left tegmen (R/L) and changed them to a L/R 
position before the chitin of their tegmina had hardened after the 
final moult. Most of the crickets reverted to the R/L position within 
24 hours. Rakshpal found that crickets that retained the L/R position 
sang softer than was normal for the first one to three days, but eventually 
they produced a normal song. According to Huber, specimens of 
G. campestris which retained the L/R position always produced sounds 
which had a lower intensity, broader frequency spectrum, to some 
extent irregular pulse intervals,and fewer tooth strikes per pulse than 
the sounds produced by crickets that retained an initial R/L or L/R 
tegminal position. Communication between males with the new L/R 
tegminal position and females appeared normal. He concluded that 
since the stridulatory organs were symmetrically constructed, 
these differences in sound indicated a slight asymmetry in the function 
of the effector organs (muscles and nerves). 

Wien Rakshpal (1960) and Walker (1962) punctured or removed 
the harp or mirror, a softer, but otherwise normal, song was produced. 
They concluded that the function of these areas was to increase the 
intensity of the song. The fact that the file teeth project mesad so 


that the scraper moves "against the grain'' during sound production 
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probably increases the amplitude of vibration of the tegmina, producing 
a more intense sound (Pierce, 1948). 

The fact that Cuz lies in a transverse furrow makes the teeth 
more accessible to the scraper. 

For G. veletis, the percentage of file teeth struck per pulse 
ranged from 29.46 to 61.11 (table 17). Kreidl and Regen (1905), 
Lutz and Hicks (1930), Pierce (1948), Rakshpal (1960) and Leroy 
(1962) also found that only a fraction of the file teeth were struck per 
paiece The question that arises, is which part of the file is used. 
I explained previously that about 10 of the lateral teeth on the file 
could not be struck in G. veletis and G. pennsylvanicus. There may be 
relatively few of the remaining teeth that are never used. For 
G. veletis, as many as 90 teeth were struck per pulse, and assuming 
that all of the medial teeth were struck, this would involve slightly 
over one half of the file. Different groups of teeth may be used for 
different pulses and also for different songs. Kreidl and Regen (1905) 
tried to determine which part of the file was used by G. campestris 
by Pe eecing the file and seeing where the grease remained after chirping 
stopped. They concluded that only a few teeth at each end of the file 
were not used. Rakshpal (1960) pressed the thorax of specimens of 
G. assimilis and G. veletis to raise their tegmina, then let the tegmina 
move inwards either by themselves orassisted by his thumb. He concluded 


that only the medial one third of the file was struck per pulse because 
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the left tegmen did not move below the right tegmen beyond that point 
by itself. When made to move further with the aid of forceps, the 
sound produced was not characteristic of the species. Rakshpal did 
not describe this artificially produced sound or offer any explanation 
as to why it should differ from the normal song. 

The function, if any, of the unused part of the file is unknown. 
Rakshpal (1960) suggested that it (p. 506, 507)... "may further help 
in producing a specific modulated frequency in a way analogous to what 
occurs in our stringed instruments, in which only a part of the string 
is engaged by the bow. When a small peg is put on the string, the 
modulated quality of the string changes.'' I do not think that Rakshpal's 
analogy between the string of a stringed instrument and the file ona 
tegmen is legitimate. In stringed instruments, the rate of vibration 
of the string itself determines the frequency of the sound produced. 

If a peg is placed on the string and the string is plucked on one side 

of the peg, the string can vibrate in parts as well as as a whole, thus 
producing a more complex frequency spectrum. The dominant frequency 
of a cricket sounds is determined not by the vibration of the file as a 
whole or in parts, but by the number of file teeth struck per second. 

For G. veletis at 25.2 C, an average of 4/10 of the file (0.0016 cm) 
was used per pulse (tables 17 and 7). Assuming that all of the medial 

d 
teeth were struck, the velocity of tegminal motion (v = t , where d = 


distance and t = time) was 1.26 cm/sec when the first quarter of the file 


” 
7 


. : ' - — a 


os 


1 an oe ee 
tanked saris bacved suntgeld tiget 4 1 wots ek ds ome HP SORES: 


; - 
: iN he | 
aii} ,2er s¢o) 16 bre od? diiw 75 “yi wywecy ot va bay : wey Ue , 
ss . 7 >» 7 


7 . 
ert! i ‘aerhe Jain ew bea: ibe eg bain 
7 - 
oe f 


od > 
. 5, ae 
_ i rar. } i 3 my i § Ls [ , uct © ij be <¥Gs 3 _sortow 2 Pe qi 


a, > 


a 7 . : - ‘ao. 7 
F " ; ; Sf\> : rs a isaeoe (odg ape 2 fi 
‘ _ ‘ 7 ‘ ' ae er ‘ 
rr 4 i i ‘ Pi SP E'OU pal ~ ' 4 
: Ler ; st =" ty i & 7 Po 
tee iS sf he 
‘ : 7 * iv wed eda yal te ~! —-) 
rx e if iw 4G og & aa 
a7 —_ 
r tn ob T ‘4, =e Slo ¥Nisup botal bores 
= : a 
7 ry Me > a 
s wo stit sdf ine tnortoriaent hasee io evtiat= edt ssewted ypolaas 
1 
dr : i , , ‘3 - 7 Pen bs 
- % -_ 
| 
7 
7 ~ ‘ > - t 2 4 ; f“tu ' 
; i } ' r ( 
"7 { zo ) ‘ 
4 é rf ely i 
sa 
€ : ,2 444 Cie f i ty A ets 
’ } 4 | } “ey ‘ 7 wa é min” ts 
ti, a i ~~ } y bras . | 7) = skis 
isilw’, 7% v) meitom Fnetagps hewitioley sib all 
: = 
é } ;ES2T8 up 7272 Ss 13 ie - —- 2Aur (sori 7 - |) he 
Pe 
rt 
- 7 
7 


70 


was being struck and 1.38 cm/sec when the last quarter of the file 
was being struck. (In the formula for velocity, the value of t was 
calculated for the first quarter of pulse duration and for the last 
quarter of pulse duration by using the highest frequency and the 
lowest frequency respectively of the mean frequency range of the pulse, 
shown in table 13). Therefore,the decrease in dominant frequency 
from the beginning to the end of a pulse cannot be attributed to a 
decrease in the speed of tegminal motion. It was solely due to the file 
teeth being further apart near the lateral end of the file so that the 
number of teeth struck per second was less towards the end of tegminal 
closing. Leroy (1962) and Huber (1962) suggested that a lower speed 
of tegminal motion, and perhaps the gradual change in the shape and 
size of the teeth,could also help to account for the decrease in dominant 
frequency within a pulse. Dominant frequency decreased faster at the 
beginning of the pulse than towards the end of the pulse because the 
greatest decrease in the percentage of the total number of teeth found 
on each consecutive 10% of the length of the file, from the medial to 
the lateral end, fell between the first and second 10% of the file (fig. 9). 
For G. veletis, pulse duration increased progressively within a 
chirp because the number of teeth struck per pulse increased progressively 
within the chirp. Dominant frequency also increased progressively 
from the first pulse to the last pulse within a chirp, and since this 


would have tended to progressively decrease pulse duration, its effect 
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must have been outweighed by the progressive increase in the number 
of teeth struck per pulse. For G. pennsylvanicus, pulse duration 
increased progressively within a chirp, however,this increase was not 
due to a progressive decrease in dominant frequency. Dominant 
frequency increased from the first pulse to the second pulse, which 
would have tended to make the duration of the second pulse shorter 
than the duration of the first pulse; dominant . frequency was equal 
for the second and third pulses, which would have tended to make 
pulse duration equal for the second and third pulses. Therefore, 
although there is no data on number of teeth struck per pulse for this 
species, the progressive increase in pulse duration within a chirp 
must have been due to a progressive increase in the number of teeth 
struck per pulse within the chirp. 

Pulse rate of G. veletis increased with an increase in temperature 
because both pulse duration and pulse interval decreased. There was 
no indication that fewer teeth were struck per pulse, so the decrease 
in pulse duration must have resulted from an increased speed of tegminal 
closing. The proportion of the tegminal stroke cycle occupied by 
tegminal closing increased as the temperature increased because pulse 
interval decreased 3.85 fold faster than pulse duration for a unit increase 
in temperature. Walker (1962) said that he has not developed a completely 


satisfactory technique for determining duration or speed of tegminal 
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opening or closing,or for determining the number of teeth struck 

per pulse. A mathematical check of the correlation between pulse 
rate, pulse duration, and pulse interval, using the equations of their 
regression lines, shows that at 24.9 C, the mean temperature, pulse 
rate is 26.63 pulses/sec, pulse duration is 16.10 msec, and pulse 
interval is 31.62 msec. The sum of the duration of 26.63 pulses and 
25.63 pulse intervals is 1.24 sec, not one sec, giving a 24% error. 
Perhaps pulse duration and pulse interval did not decrease linearly with 
an increase in temperature (even though the correlation coefficients 
for their regression lines were very significant), but more in the 
pattern of positive concave curves (fig. 143). 

Pulse rate of G. pennsylvanicus also increased with an increase 
in temperature,so pulse duration, pulse interval, or both,must have 
decreased. Since the slope of the regression line of pulse rate versus 
temperature was 3.06 fold less for G. pennsylvanicus than for G. veletis, 
pulse duration, pulse interval,or both,must have decreased at a slower 
rate for G. pennsylvanicus than for G. veletis. 

Above 19.4 C, G. pennsylvanicus had lower pulse rates than 
G. veletis. This could reflect the fact that on the average, the 
G. pennsylvanicus file was 0. 012 cm longer and had 7.4 more teeth than 
the G. veletis file. However, amongst closely related species, differences 


in pulse rates are mainly due to differences in the number of teeth struck 
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per pulse, differences in tegminal stroke rates, or both, and they 

are genetically determined (Alexander, 1962; Bigelow, 1964; Alexander, 
1966). Differences in sound producing apparatus probably play a minor 
role in producing song differences between closely related species 
(Alexander, 1962). Differences in the size and shape of their teeth 

may cause differences in their songs which have not yet been detected 
(Rakshpal, 1960). The lower pulse rates of G. pennsylvanicus above 
19.4 C are then largely explained by the fact that above 16.5 C pulse 
duration was greater, and above 22.5 C pulse interval was also greater, 
for G. pennsylvanicus than for G. veletis (fig. 13). 

For G. veletis, pulse rate increased 25.25 fold faster than 
dominant frequency with a unit increase in temperature. The reason 
for this is that as pulse rate increased, pulse interval decreased 3.85 
fold faster than pulse duration. 

In conclusion, at a given temperature, I found that the calling 
songs of G. veletis and G. pennsylvanicus had different pulse rates. 

In opposition to my data, neither Bigelow (1960) nor Rakshpal (1960) 
found any significant differences between the calling songs of these two 
species. Thus their data supports the evidence that sympatric species 
whose breeding seasons are seasonally isolated may have identical 


calling songs (Alexander, 1962). 
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6.0 APPENDIX 


Dables1. Tegmina of G. veletis males: The percentage of the dorsal 
field occupied by each of its five subdivisions. (R and L 


refer to right and left tegmina respectively. ) 


dorsal field 
specimen area in cm“ basal area harp cordal area mirror apical area 


4 R 0.432 49 7G ~ 23.32 18.94 40.22 20.68 
Atl: 0.444 20534) eS a7 18. 36 4024220 ee 084 
2R 0.517 20.98 22.15 48.28 40.49 24.36 
21; 0.509 P0335 021259 47. 63 4083 See 27 
3 R 0.464 21.64 23.52 48.43 44.48 417.45 
Saw 0.445 24.47 24.94 48.07 44.20 16.67 
4R OL. 373 22-770 ~=— 2269 = 19 40 42.42 45.42 
Aut; 0.378 22.900) ue2sei4 49.72 41.47 16.39 
5 Rk 0.280 20°25 26.50. 9 20n27 13,18 44.45 
5 5L O.27i2 20.74 26.56 20.93 42.69 41.96 
6R 0.444 24.46 24.29 45.92 44.20 18.08 
7 R 0.269 24.214 26.96 20.88 40.24 14.34 
8R OL. 278 22,16, “26.76  2iet4 44.86 44.26 
9R 0.268 pheptccl Wm vases (= 87a ok.) 40.16 45.04 
40 R 0.280 24.65 25.54 20.99 42.18 42.86 

x 02307 24,44 24.50 19.46 44.27 46.414 
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Yable 2. ) Tegmina’ of G. pennsylvanicus males: The percentage of the 
dorsal field occupied by each of its five subdivisions. (R and L 
refer to right and left tegmina respectively. ) 


dorsal field 
specimen area in cm basal area harp cordal area mirror apical area 


ah aes 0.53.7 21.48 20.82 21. 04 41.56 LOT ea 
ee Oo ot 2135 Zt, 09 Z0s 06 Nel Ale) elven 
coelk 0.345 21.42 25636 ZO MT 41562 lala Pf) 
A Ske 0.345 21542 Zit! | 20. 06 14525 12.43 
ome 0.383 BU, oe 21.74 Wes): Alaa, 19-14 
a) 5 0.377 2Leo9 22.414 18.80 10561 17 253 
4 R 0.327 BOL se 24.47 Zoe 2170 5202 
4 L ONSz25 20.78 26.24 20.54 Sh Sy ale Le 
5a R 0.327 21.40 Zon 9 Zip stbsehe «Wisp Ee 
bel, O. Sale loghs hye 25.46 203) 44. 04 WAS EIS) 
Gar R On 70 ZOeo9 24.52 Zoe iD 12.04 43552 
im R 0.332 22.32 Zossc 1322 ale Rar ha SMe 
oa R 0.424 30.47 25.30 1 Brod: Oat ad 13.43 
Ome x 0.346 eal Sink 25.78 20.20 10.47 13.08 
0B R C5323 21.44 Zuo! 19.40 14.68 43.18 
x 0.348 PAA toile 25,00 ZOB10 eh ae) 13.40 
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Table 3. Tegmina of G. veletis and G. pennsylvanicus males: Areas of 


mirror, harp,and dorsal field. (R and L refer to right and left 


tegmina respectively. ) 


G. veletis G. pennsylvanicus 


speci- mirror area harp area dorsal field mirror area harp area dorsal field 


men in cm2 in cm2 area in cm2 in cm2 in em2 area in cm2 
4eR 0. 044 0.401 0.432 0.039 0.090 OFS 57. 
41L 0.045 0.105 0.444 0.038 0.094 Wb Sher 
2R 0. 054 O:445 OnSH7 0. 040 0.088 0.345 
a Ae 02053 OF1410 0.509 0.039 0.094 07345 
BR 023052 0.108 0.461 0. 043 0.083 04583 
3g 0.050 Oel44 0.445 0.044 0.085 OF 500 
4 R 0. 046 0.085 0375 0.038 0. 080 OF35271 
41L 0. 043 0. 087 O237e 0.038 0.085 02325 
> R 0.037 0.074 0.280 07 037 0. 084 ORS52/ 
“Oe OF 035 0.072 OF21Z2 0. 036 0. 083 0.326 
6 R 0. 049 Oei07 0.4414 0. 044 0.0914 02370 
7 AR 0.028 0.073 0.269 Oo. 037 0. 087 08352 
8 R 07033 0.074 0.278 0. 044 0.107 0.424 
9 R OF0z27 0.069 0.268 0. 036 0.089 0.346 
10 R 0. 034 0.069 0.280 0.038 0.095 Of525 
* 0. 042 0.091 0.377 0.039 0.089 0.348 
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Table 4. Tegmina of G. veletis and G. pennsylvanicus males: The 
relationship between number of file teeth, file length,and 
dorsal field area. (R and L refer to right and left tegmina 


respectively. ) 


G. veletis G. pennsylvanicus 


speci- number of file length dorsal field number of file length dorsal field 


men file teeth in cm area incm file teeth in cm area in cm2 
4 R 450 0.5334 0.432 458 04555 Ute ie it 
1539 454 023,30 0.444 454 02316 0.337 
pe ass 455 0.3614 Oa5417 456 0.344 0. 345 
2a 154 0.351 02509 452 0.329 0.345 
3 R 454 0.352 0.4614 450 OES 17 0.383 
S515 447 0.326 0.445 148 0.31419 0.377 
4R 144 0.300 03373 456 On5 15 Ons2a 
41L 438 0.296 0.378 452 ORs 14 OFS 25 
5 R 149 0.296 0.280 152 0.324 07327 
5; 142 0.286 0.272 444 0.304 0.326 
6 R 439 0.338 0.4414 159 O4557 02570 
ff BRS 143 0.296 0.269 456 U23555 023532 
8 R 146 Or2901 O2278 450 0.367 0.424 
9R Mea 0.266 0.268 461 ‘b) SPS 0. 346 
a HGL Be 449 O9515 0.280 463 073520 08323 
x 447.5 0.316 Os307 153.9 0.328 0.348 
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Table 5. G. veletis males: A comparison between the right and left tegmina. 


(R and L refer to right and left tegmina respectively. ) 
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Table 6. G. pennsylvanicus males: A comparison between the right and 


left tegmina. (R and L refer to right and left tegmina respectively. ) 
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Tegmina of G. veletis males: The percentage of the total number 


2B Sees 


of teeth found on each consecutive 10% of the length of the file, 


from the medial to the lateral end. (R and L refer to right and 


left tegmina respectively. ) 
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Tegmina of G. pennsylvanicus males: The percentage of the total 


ay PVE 


number of teeth found on each consecutive 10% of the length of the 


file, from the medial to the lateral end. (R and L refer to right 


and left tegmina respectively. ) 
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Table 9. G. veletis and G. pennsylvanicus calling songs: Percentage of 


chirps with three, four, five,and six pulses. 


number of chirps 


species analyzed 3 pulses 4 pulses 5 pulses 6 pulses 
Ge veletis 75 Zo ai’ ZOaU 4.0 
G. pennsylvanicus 45 73.3 26.7 0.0 0.0 


Table 10. G. veletis and G. pennsylvanicus calling songs: Percentage of 


sonagram chirps beginning with faint, short marks. 


number of chirps 
species analyzed 3 pulses 4 pulses 5 pulses 6 pulses 


G. veletis 75 0.0 eae il) 46.7 33.3 


G. pennsylvanicus 45 8.3 0.0 0.0 0.0 
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G. pennsylvanicus calling song: The relationship between temperature, 


pulse duration,and pulse interval. 
grand average duration 
of each pulse in msecs 
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Table 13. G. veletis calling song: The relationship between temperature and 


dominant frequency. 


grand average dominant frequency 
of each pulse in kcps 
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Table 14. G. pennsylvanicus calling song: The relationship between 


temperature and dominant frequency. 


grand average frequency 
of each pulse in kcps 
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Table 15. G. veletis calling song: The relationship between temperature 


and grand average pulse rate. 


specimen temperature °C pulse rate in pulses/sec 
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Table 16. G. pennsylvanicus calling song: The relationship between 


temperature and grand average pulse rate. 


specimen temperature °C pulse rate in pulses/sec 
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Table 17. G. veletis calling song: The relationship between temperature 


and number of teeth struck per pulse. 


number of teeth struck during the 
grand average duration of each pulse 


temp- Speci- % of 
ature °C men 4 Z 3 4 5 6 x teeth struck 
eee a 82. 62 CUFT ST 9b 52 83.44 88. 06 a erie) 
2020 4 Bie. ye 66.07 72.94 76.17 68.18 46.22 
Zo a0 41 71.46 897.400 92.32 97. 34 S705 59.414 
16.6 Zz 356 od 63.04 86.07 81. 80 81. 80 69. 64 4524 
24.6 Z 34. 02 ey eee) ayes (7 641.49 50062 34.39 
Zone 2 2 5e6 49.30 57.65 56.46 58. 86 49.59 shed aye 
29nt 2 43.06 58.19 82.52 80. 00 98.47 72.45 49.12 
31,0 2 AGC 42.70 56. 64 Ske, 14 43.45 29.46 
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32.8 3 70. 34 Sie oc eon} 84.55 86,54 CATT 5 Smo. 
19.4 5 51.41 1024599 74.36 pee The) 61.49 71.60 67.42 45.514 
32.0 5 T1296 O20 5)5 met OF 09 65.31 MOnec 47.61 
29.6 8 44.16 S17. 06990. 15 76. 63 88.62 95.00 80.41 54.52 
296 9 43.12 64.65 74. 34 89.04 1411.32 152009 51.45 
46.8 40 69.39 91.80 914.80 84. 33 evita 
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24.0 40 50. 00 G2293% 13408 67.45 63.52 43.06 
Poa 40 34532 74.60 80. 36 69. 84 63.28 42.90 
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2602 40 34.91 72.74 80.18 62.614 42.45 
26.4 40 73.96 SHOR hs, 7 SR sigh IZR G2 eiihs ale! 50.914 
(AS py Ve 40 Ao cme Oe Ota 096 71.60 ether, 2) 45.53 
31.6 40 46.70 81.42 61.44 63.19 42.84 
252 x 52.04 TES SVA, “1h ehe) Chal Fe 48.31 
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